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Abstract:  Inorganic  oxide  surfaces,  Si02  and  Al^O^,  bearing  — OH  f unctior'-ality  have  ceen 
functionalized  with  -Co(CO)^  by  first  treating  the  solids  with  (EtO^iH.  Me^lSiH,  orCl,SiH 
to  introduce  ^SiH  functional ity  followed  by  reaction  with  COo(CO)o- 
Derivatized  surfaces  have  been  characterized  by  infrared  spectroscopy 
and  compared  to  solution  analogues  to  confirm  the  presence  of  — SiH  and 
— SiCo(CO)^  groups  on  the  surface.  The  surface-confined  — SiCo(CO)^ 
undergoes  photoreactions  that  begin  with  loss  of  CO  subsequent  to  optical 
excitation  in  the  near-ultraviolet.  The  photochemistry  closely  parallels 
the  behavior  of  solution  R2SiCo(C0)^  analogues;  CO  can  be  photosubstituted 
by  P(0Ph)2  and  the  surface-confined  ^SiCo(C0)2(P(0Ph)2)  species  is  detectable 
by  infrared  spectroscopy.  Irradiation  of  the  oxide  powders  bearing 
^SiCo(CO)^  suspended  in  Et^SiH  solutions  results  in  the  release  of  the 
— Co(CO)^  into  solution  as  Et2SiCo(C0)^  concurrent  with  the  regeneration 
of  surface  ^SiH  functionality.  Irradiation  of  the  powders  (^SiCo(CO)^) 
in  the  presence  of  1-pentene  yields  004(00)^2  solution  and  surface 
^Si( pentenyl )  groups.  In  the  presence  of  Et^SiH/l -pentene  photoacti vated 
catalysis  by  the  derivatized  powders  (•;^SiCo(C0)^)  occurs  to  give  isomerization 
of  the  alkene,  hydrosilation  to  give  Et^SiCjj-pentyl) ,  and  small  amounts  of 
^-pentane.  Reaction  under  H2  improves  the  relative  yield  of  n-pentane, 
while  H2/CO  mixtures  yield  no  hydroformylation  products  and  lower  the 
observed  rate  due  to  CO  competing  for  the  coordi natively  unsaturated 
species.  The  surface  ^SiH  groups  also  add  to  1-pentene  to  give  powders 
bearing  ^Si(n^-pentyl)  functionality.  The  use  of  powders  functionalized 
with  ^SiCo(C0)2(P(0Ph)2)also  gives  catalysis  upon  photoexcitation,  but 
the  product  distribution  differs  significantly  and  includes  at  least  two 
isomers  of  Et^Silpentenyl) .  In  all  cases  the  bulk  of  the  catalysis 
appears  to  result  from  Co-carbonyl  fragments  photoreleased  from  the  oxide 
support.  The  initial  rate  of  catalysis  appears  to  depend  on  the  initial 
rate  at  which  the  fragments  are  released  into  homogeneous  solution.  The 
heterogeneous  photocatalysts  thus  give  the  same  product  distribution  as' 
appropriate  homogeneous  precursors,  but  the  oxide  supported  ^SiCo(CO)^ 
is  more  easily  isolated  and  handled  and  more  durable  than  R^SiCoCCO)^. 
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Ch&nistry  of  surfaces  modified  with  molecular  reagents  may  have  use 
in  stoichiometric  and  catalytic  syntheses,  in  adhesion  and  other  surface 
physical  tailoring,  in  analysis  and  separations,  and  in  chemical  energy 
conversion Successful  application  of  molecular  modification  depends 
on  characterization  of  both  the  structure  and  reactivity  of  the  surface-confined 
species.  One  aim  of  research  in. this  laboratory  has  been  to  initiate 
catalysis  by  optical  excitation  of  thermally  inert,  surface-confined 
organometallic  reagents.  Thermally  inert,  surface-confined  -Fe(CO)^ 
reagents  have  been  demonstrated  to  be  photochemical  precursors  to  catalysts 
for  olefin  isomerization  and  hydrosilation.^^  The  anchoring  surface  for 
the  -Fe(CO)^  was  a  phosphinated  polystyrene  polymer,  (T)—  .  where 
the  organic  polymer  can  be  regarded  as  an  insoluble,  though  solvent 
swellable,  triaryl  phosphine  ligand.  For  the  (T^Fe(CO)^  system  we  found 
that  the  Fe-P  anchor  bond  is  sufficiently  photoinert  that  olefin 
isomerization  could  be  concluded  to  occur  when  the  Fe-P  bond  is  still 
intact.  However,  the  polymer  appeared  to  be  sufficiently  flexible  that 
photogenerated  coordi native  unsaturation  does  not  persist  for  extended 
periods.  Further,  it  is  likely  that  the  ©-  system  would  be  reactive  to 
extensively  coordinatively  unsaturated  Fe{0)  species.  Consequently,  we 
have  now  turned  attention  to  inorganic  oxides  as  surfaces  to  which 
photochemical  catalyst  precursors  can  be  attached.  Inorganic  oxides 
such  as  SiQ2  and  AI2O2  should  be  inert,  can  be  functionalized,  and  are 
transparent  to  ultraviolet  and  visible  light  over  a  wider  range  than  for 
the  system. 

The  system  described  in  this  article  is  the  surface-confined 
^SiCo(CO)^.  (1^SiCo(C0)4,  where  the  (T)-  is  The  photochemistry 

and  photocatalytic  activity  of  R2SiCo(C0)4  (R  =  Et,  Ph)  have  recently  been 
described. The  ^^^SiCo(CO)^  materials  are  air  stable  at  2S°Z  for 


Drolonged  periods  in  contrast  to  Et^SiCoiCO)^,  but  the  ^V^SiCo(CO)^  is 
very  pnotosensiti ve.  The  photoactivity  can  be  used  to  release  catalyti cal ly 
active  species  into  solution,  but  the  primary  photoprocess  is  CO  release, 
not  Co-Si  bond  cleavage.  A  preliminary  communication  has  established  that 

1  3 

photochemical  Si-Co  bond  cleavage  does  not  occur;  irradiation  under  '  CO 
yields  (T)-^iCo(C0)^(^^C0)4_^.  not  the  release  of  00(00)^  to  form 
CO2(C0)„('^C0)g.„.’5 

Studies  of  the  surfaces  of  insulating  metal  oxides  are  not  easily  probed 
by  surface  sensitive  electron  spectroscopies.  We  have  made  use  of  Fourier 
transform  transmission  infrared  to  characterize  the  surfaces  functionalized 
with  ^SiH  and  ^SiCo(CO)^.  This  technique  affords  a  molecular  specific 
probe  of  structure  and  allows  monitoring  of  the  dilute  catalytic  sites  of 
interest.  As  shown  below,  the  surfaces  of  AI2O2  and  Si02  that  we  have  used 
for  photocatalysis  have  many  surface  functionalities  present.  As  in 
solution,  we  exploit  the  fact  that  a  chromophore,  ~SiCo(C0)^,  present  in 
dilute  amounts  can  be  selectively  activated  by  light.  This  represents 
one  of  the  major  advantages  for  optical  vs.  thermal  activation  of  catalysis; 
in  principle,  the  activation  energy  can  be  deposited  selectively  into  the  sites 


that  are  active. 
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Exoeri mental 

°hys1ca]  Measurements  arc  Analysis.  Infrared  snectra  cf  surfaces  viere  taken  as  KSr 
cel  lets  (-10':  A1„Q,  or  SiC,)  on  a  ^erkin-Elmer  ''’odel  130  disoersion  or  a 
Nicclet  7199  Fourier  rransform  spectrometer.  Solutions  were  analyzed  in 
matched  1.0  mm  or  0.1  mm  oathlength  sealed  NaCl  cells.  Electronic  spectra 
of  solutions  were  obtained  on  a  Cary  17  uv-vis-nir  spectrophotometer  in  1.00  cm 
quartz  or  ICO  cm  Pyrex  cells.  Gas  chromatographic  analyses  were  performed  on 
a  Varian  Model  1440  or  2440  gas  chromatograph  equipped  with  flame  ionization 
detectors  and  interfaced  with  a  Hev/lett-Packard  model  3370S  recording 
integrator.  Hydrocarbon  products  were  analyzed  at  20°C  on  columns  of  20% 
propylene  carbonate  on  Chromosorb  P  ( Johns-Manville,  1/8"  x  30')  against 
internal  standard, ^-hexane.  Hydrosilation  products  were  analyzed  at  60°C  on 
columns  of  20%  ■  ,2'-oxydipropionitri le  (Applied  Science  Laboratories,  1/8"  x  30'; 
against  an  internal  standard,  n-decane.  Authentic  samples  of  all  products  were 
available  for  calibration  of  the  detector  response  and  for  retention  time 
comparisons. 

Reaction  Conditions.  All  manipulations  of  O^-  and  H^O-sensitive  materials 
were  performed  in  a  Vacuum  Atmospheres  He-43-6  Dri-Lab  glove  box  with  an 
attached  HE-493  Ori-Train  or  in  conventional  Schlenk  glassware  under  an 
atmosphere.  Samples  for  irradiation  were  freeze-pump-thaw  degassed  at 
least  4  times  in  13  mm  o.d.  Pyrex  ampules  containing  2  mm  x  7  mm  Teflon-coated 
magnetic  stirring  bars,  and  sealed  hermetically  under  vacuum  (10’^  torr) . 
Reactions  under  ^2  pe'"'formed  in  13  mm  o.d.  Pyrex  tubes  fused  to 
ground-glass  joints,  which  were  connected  to  a  source  of  vacuum  and  of  H2. 

The  system  was  flushed  at  least  4  times  with  H2  before  gas  was  adnitted 
to  the  sample  under  vacuum.  Irradiations  were  performed  with  a  medium-pressure 
Hg  arc  lamp  (Hanovia,  450  W)  fitted  with  a  supplementary  H2O  filter  to  remove 
infrared  radiation;  or  at  lower  intensities  with  2  General  Electric  ‘i<F15T8/BLB 
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3’ac'k  Lites  =  355  *  20  nn:-2  x  ’0"°  ein/T»n’n  as  determined  by 

ferri oxalate  acti nometry) . ' 

Materials  ■  C'nromatocrapnic  qraae  SiO.^'xHoO  ''Davison  Iherical  Comcany,  ;C-2CC 

mesh)  was  used  as  received.  Chromatographic  grade  natural  Al^O^  (’'loelm  grade  I) 
was  activated  for  24  hr  at  ASO^C  before  use  and  stored  in  the  dry  box.  High 
surface  area  y-Al20.5  (200  m  /g,  Strem)  was  received  as  pellets  and  usea  as 
received  or  pulverized  before  use  in  some  experiments.  Pov/cerea,  ni'jh  surface  area 
Si02  (400  m  /g,  Alfa)  was  usea  as  received.  1-pentene  (99", 

Phillips  Chemical  Company)  and  HSiEt^  (Petrarch)  were  passed  through  activated 
Al^Oj  prior  to  use  and  storec  in  amber  bottles  at  d'C.  Triphenylsi 1 ane 
(Petrarch)  was  recrystallized  from  ^-pentane  prior  to  use.  Triethoxysilane 
(Petrarch)  was  freeze-purrp-thaw  degassed  upon  receipt  and  stored  in  the  dry  box. 

Ca^CO)^  (Strew),  _n-hexane  (Aldrcr),  n_-decane  (Aldnc.h),  HSiCl,  uAldrich',  and  MeXlSiH( Petrarch) 
were  used  as  received.  R^iCo(CC),^  U  =  3t,  ?h)  were  prepared  as  previously  describee 
and  stored  at  O'^C  under  N...  Co_^(C0),2  was  prepared  oy  neating  Co^'vCOjg  in 

isooctane  at  80-90°C  for  12  hr.  The  product  was  filtered  off,  recrystallized 
from  benzene/isooctane  and  stored  at  O'C  under  N.,.  Hydrocarbon  solvents  were 
distilled  from  CaH2  under  N2;  THF  was  distilled  from  Ma/benzophenone  under  N2. 
Derivatization  of  Oxide  Supports.  A  typical  procedure  is  outlined.  1.6  ml  HSi(0Et)2 
in  10  ml  isooctane  under  N2  was  added  to  4  g  of  powdered  AI2O2  in  a  Schlenk  tube. 

In  some  cases,  0.12  ml  distilled  H2O  was  added  via 

syringe.  The  suspension  was  allowed  to  stand  i  25X  under  slow  1^2  ^2- 36  hr 

with  periodic  agitation,  after  which  time  excess  solution  was  drained  off. 

In  some  cases,  the'^SiH  derivatized  surface  was  i-'ashed  with  hexanes  and 
isolated  at  this  stage.  Under  N2,  a  solution  of  1.4  g  Co2(C0)g  in  10  ml 
isooctane  was  added  by  syringe.  After  12  hr  at  25®C  under  slow  ^2  purge  with 
intermittent  agitation,  the  tube  was  opened  in  the  dark.  The  derivatized  pewder was 
washed  with  a  copious  quantity  of  hexanes  or  pentane  until  the  rinsings  were 
colorless.  The  derivatized  powder  was  dried  under  vacuum  at  ZS’C. 


r'jnctiona  I  ization  using  Me-^ClSiri  was  carried  out  •'n  a  manner  similar  to 
that  ■^or  Cl-SiH  or  ^EtOl-SiH  except  that  drv  Et-'i  was  added.  A  tvoical  oroceaure 
was  to  react  2  g  of  A1.,Q2  cr  SiG2  with  5  ml  ‘^e^ClSiH  and  A  "il  of  Et.,11  in  5Q 
of  isooctane  for  2a  h  at  20'C.  The  excess  '-'e^ClSiH,  Et.,N,  and  ’sooctane  were 
stripped  off  under  vacuum.  The  solid  was  washed  with  iscoctane  leaving  the 
^^-•SiMe2H  and  the  Et^N'HCl.  The  Et^H'^^Cl  was  removed  by  washing  with 
CH2CI2  and  again  with  isooctane.  To  further  functionalize  to  ’■'orm 
rT^SiMepCo( CO) ^  the(^jy- 5iMe2H  was  reacted  with  excess  202(23)3  in 
isooctane  under  for  22  h  at  20*^0.  The  solid  was  washed  with  isooctane  and 
dried  under  vacuum. 

The  surface -^SiH  and -^SiCo{C0)^  are  infrared  detectable,  ’'able  '. 

Typical  analyses  were  performed  by  making  measurements  of  KBr  oellets 
containing  i^S^^SiH  and/or  (^^Sy^SiCo( CO) ^  (-10"!  by  weight).  ~he  pellets 
are  made  in  as  reproducible  a  fashion  as  possible.  200  mg  of  cry,  infrared 

/—V  \  \ 

grade  KBr  and  20  mg  of  cr  ;^S^SiCoi.C3)^  are  first  ground  together 

with  a  mortar  and  pestle  until  a  homogeneous  powder  results,  "he  pellet  is 
then  pressed  in  a  KSr  die  at  20,000  psi  for  5  min  to  yield  a  pellet  of  1.00  cm 
diameter  and  G-C6  cm  thickness.  Absorptivity  of  model  compounds  Ph^SiH 

=  2118  cm'^  in  KBr)  and  Ph2SiCo(C0)^  ^^C-0  ”  ^092,  2030,  1990  cm'"'  in 
KBr)  was  determined  in  KBr  and  reproducibility  was  determined  to  be  +20%. 

Errors  for  samples  including  the  Si02  or  A1202  are  even  larger.  The  semi- 
quantitative  infrared  measurements  show  ^^^^SiCo(CO)^  to  be  air-stable  at 
25'’C  for  at  least  several  weeks.  The  relative  absorptivities  in  Table  I, 
relative  to  Ph,Si-H  (uc,-  u  ®  2118  cm~^)  are  proportional  to  concentration  and 
can  thus  be  used  to  determine  concentrations  of  the  SiH  or  (T)-^SiCo(CO)^. 

The  relative  absorbance  of  1.0  for  the  2118  cm'^  Si-H  stretch  in  Ph^SiH 
corresponds  to  an  absolute  absorptivity  of  1.0  O.D.  units  for  a  2.54  to  100  weight 
ratio  of  Ph^SiH  to  KBr  in  our  1.0  cm  diameter,  0.05  cm  thick,  pellets  prepared  as 
described  above.  Tins,  the  rdati\e  absorbance  of  5.5  fcr  V(._q=  2092  cm"^of  Ph^SiCcl 00)^1  means 
that  the  absorptivity  is  5.5  tires  that  of  the  2118  cm"^  'li-H  s+mtch  of  Ph.SiH  fnr  the  same 
number  of  moles  in  a  given  mass  of  KBr. 
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~c  'nsure  rhat  <3r  is  ".ot  reactive  wnen  jsac!  as  a  oeliet  taten'ai 
'.ve  nave  recorded  tne  infrared  spectrum  of  SiCo^CO) ,  and;  5  — S’:r  in 

'.ujoi  mulis.  The  relative  aosorpti  vi  ties  are  tne  same  as  in  'v5  r 
peiiets.  Also,  the  infrared  absoroances  ■'"n  .<Br  are  proportional  to  tne 
signals  from  Fourier  transform  infrared  photcacoustic  spectroscooy  of  the 
3iCo(C0)^  powders. 


Results  3,ia  ;?■:  scussi  on 


a.  Surface  Cer''' vst' zat  i on  and  Characteri zaticn .  "ne  syntnesis 
depends  on  tv.o  orevlous  synthetic  orccedures,  ec'j3f''cns  ■' '  '  ar 


£t0i,5iH  +  surface — OH -  surface— 0  —  Si — n  -  SEcCn 

''  '  1 


2H— Si.R^  Co,(C0)g  2RjSiCo(C0)^ 


and  SiO^  generally  have  vari able  anourts  of  surface  -GH  depending  on  pri or  history  of  the  saroles  . 
We  have  synthesized  (^T^-^SiCo(CO)^  by  exploiting  the  chemistry  represented  by 
equations  (1)  and  (2)  and  have  characterized  the  surfaces  by  transmission  infra¬ 
red  spectroscopy.  Representative  infrared  spectra  for  a  typical 
(T>^SiCo(Ca)4,  ©  =  AlgOg,  synthesis  are  shown  in  Figure  1.  "he  ^1^03 
is  featureless  in  the  Si— H  and  C— 0  stretching  region.  Treatment  with 
(EtO)2SiH  results  in  a  prominent  spectral  feature  at  ~225C  cm”  ‘  .  .-.a  associate 

this  feature  with  the  Si— H  stretch  for  the  surface-confined  grtuos.  React'cn 
of  the'^T^SiH  powder  with  Co^(C0)g  results  in  a  powder  that  nas  infrared 
absorption  at  -2110,  -2050,  and  -2020  cm  ''  in  accord  with  a  (T^SiCo(CC;  , 
system.  Note  that  while  we  generally  find  some  dimunition  in  the  absorption 
associated  with  the  Si— H  stretch,  it  is  not  completely  absent  even  after 

exhaustive  reaction  with  Co.,(C0)a.  Table  I  lists  infrared  absorptions  for 

\  \  2  o 

(^T^Siti;  (T^SiCo(CO)^;  and  various  other  systems  of  relevance  to  results 
described  below.  Included  in  Table  I  are  data  from  experiments  using  ClgSiH 
or  Me2ClSiH,  rather  than  (EtO)gSiH,  to  introduce  ^SiH  functionality  on  the  surface. 

Infrared  spectroscopy.  Table  I,  reveals  the  presence,  but  not  the 
uniformity  of  coverage,  of  ^SiH  and  ^SiCo(CO)^  on  AlgOg  and  SiOg.  The 
characteristic  absorption  associated  with  the  ^SiH  is  in  the  range  2134-2257  cm”\ 
depending  on  the  oxide  (AlgOg  or  SiOg) ,  the  starting  silane  ((Et0)2SiH,  CUSiH, 
or  MegClSiH),  and  the  derivatization  conditions  (HgO  added  or  not  added).  A 
large  range  of  Si-H  stretching  frequencies  is  also  found  for  the  various  silanes 
measured  in  alkane  solution.  Generally,  the  Si-H  stretching  frequency  would  be 


e:-.2eczec  to  oe  a  '^ncftr  or  t^e  ttree  nr nc  grcucs  ocrceo  to  tte  o: 

”■'9  'anOBSt  O' *■‘^9  •'9 '"0  9  "O'"  5U'**a'09  ?  r 3  tn'?tci''i '^'0  *''60U9nC’  95  0C'”9S  "'"t" 


.39  0  "  'S  '  C  ’  S  '  t  . 


r  pY*  art 


toe  f.vc  a:''\y'!  oroucs  on  t.t9  Surface  Sr  .-/hen  jsrnc  ■‘e.,C"S'H  wnereas  tne 
or  Et'S.'SiH  ■'ikel  /  result  in  onlv  cxvnen  linkaaes  to  tne  surface  Si.  “'■'s  /a'-ie 

j  -  .  .  - 

0"  ^  *or  polymeric  material  ■^rcm  thereactior  .-rtr  ’St(?y.SiH  or  C'klrr-  acctros 

.•^ell  .vitn  the  surfaces  derivatized  with  these  reagents.  Essentially  comolete 

nyarolysis  of  the  (EtO)2SiH  is  inferrec  from  the  very  snal  signals  f(r  C-H  stretch inq 

absorptions  (from  EtO-  groups)  for  Al20,  or  Si02  functionalized  with 

■(EtO),3iH.  For  Me-^ClSiH  the  retention  of  the  metnyl  groups  is  directly 

confirmed  by  the  observation  of  a  C-H  stretching  absorption  at  2985  cm"'  for 

_  1 

t.re  cerivatrzec  surfaces;  '16201$ 'h  snows  a  C-H  stretcn  at  2965  zr  ’  in  !C1_^ 

solution.  ~he  value  of  -  ■  ^  for  ‘''e-ClSi.H,  Cl-S'H,  EtO^Si-  anc  t.ne  ctner  S'-H 

ui-H  i.  u  u 

containing  materials  is  consistent  with  the  retent'on  o’-"  the  tv;c  -etny''  groups 
.'jnen  usinc  Me.-,ClSiH  to  functionalize  the  surface. 

(m 

Spectral  features  attributable  to  the  -Co(CO),  are  also  dependent  on 
the  nature  of  the  group  bonded  to  the  Co.  The  variation  in  the  Co  stretching 
frequencies  for  (EtO)2SiCo(CO)^,  Et2SiCo(C0) and  Ph2SiCo( CO)j^  accord  well 
with  the  variation  for  (^^-^SiCo(CO)^  depending  on  whether  Me2ClSiH  vs. 

Cl^SiH  or  (EtO)2SiH  is  used  as  the  Si-H  source.  The  two  alkyl  groups  on  the 
Si  release  electron  density  (compared  to  three  oxygen  groups)  such  that  the 

is  moved  to  lower  energy  presumably  reflecting  greater  m-back  bonding  to  CC  from 
the  more  electron-rich  Co.  Thus,  for  both  ^SiH  and  -Co(CO)^  some  molecular 
level  information  can  be  deduced  from  the  infrared  spectroscopy.  But  small 
differences  in  band  position  should  not  be  overinterpreted,  since  the  bands  are 
relatively  (compared  to  solutions)  broad.  Even  for  the  same  sample,  some 
variation  (_+3  cm*^)  in  band  maxima  can  be  found  from  KBr  pellet  to  KBr  pellet. 


> 


3y  "'.easuring  tne  absoroance  associated  witn  ~  2250  anc 

Nw*«^  ^  1  •rl 
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5  i  Cci,  CO)  I  2025  cn  )  for  K3r  pellets  .ve  nave  estiniated  the  amount  o* 

^Sin  anc  — SiCorOO;/,  confined  to  the  oxide  surfaces.  Results  from  various 

creoaration  proceaures  using  various  sources  of  A1.,C,  :"ve  qualitatively  similar 

results,  "able  II.  'iote  that  ^SiH  persists  in  every  case;  some  of  this 

functionality  may  be  either  structurally  or  mechanistically  inaccessible  to  the 

Co2(C0)g.  The  data  for  the  high  surface  area  ( 2C0  m  /g)  v-Al^C,  pellets,  sample 

=  1  in  Table  II,  allow  a  calculation  of  average  coverage  of  ^2iH  and  ^iCo(CO)^ 

assuming  all  of  the  surface  area  to  be  accessible.  We  calculate  an  average 

coverage  of  -10  mole  of  -^5100(00)4  and  -3  x  10  mole  of  — SiH  per  cm  of 

2 

surface.  Similar  coverages  are  found  for  the  high  surface  area  (ACO  m  /g)  SiCg, 
sample  *8  of  Table  II.  Taking  ~10*^*^  mol/cm^  to  be  a  monolayer,  we  find  mono- 
layer  to  sub-monolayer  coverage  to  be  a  typical  result.  The  coverages  from 
infrared  spectroscopy  are  very  approximate,  perhaps  correct  within  a  factor  of 
three.  There  are  many  sources  of  error  including  the  fact  that  absorptivities 
for  the  Si-H  stretch  vary  considerably.  Table  I,  depending  on  the  environment 
around  the  Si  and  the  medium  in  which  the  -Si-H  is  dispersed  or  dissolved.  But 
the  qualitative  finding  of  monolayer  or  sub-monolayer  coverage  is  in  accord  with 
determinations  of  coverage  of  other  functionality,  albeit  larger  groups,  using 
hydrolytically  unstable  silane  reagents It  is  noteworthy  that  -OH  absorption 
in  the  infrared  does  not  disappear  upon  functionalization  of  the  oxide  powders 


with  either  (EtO)2SiH  or  the  more  reactive  ClgSiH.  Some  of  the  -OH  after 
derivatization  could  be  due  to  -Si(H)(0H)^ from  the  hydrolysis  of  the  (EtO)2SiH 
or  ClgSiH.  Further,  it  is  unlikely  that  all  -OH  associated  with  the  hydrated 
oxides  is  accessible. 


While  it  may  be  attractive  to  conclude  that  (EtO)2SiH  or  Cl^SiH  functionalize 

the  oxide  with  a  uniform  monolayer  or  less  of  ^iH,  such  is  unlikely.  The 

(EtO)2SiH  and  Cl^SiH  can  polymerize  and  such  is  known  to  occur  when  using 

(R0)3SiR'  or  Cl^SiR'  reagents  ibr  modifying  chromatographic  supports  or  electrode 
1  2.9 

materials.’^  Indeed,  unless  H2O  can  be  completely  removed  the  polymerization 
is  probably  unavoidable.  Removing  all  of  the  H2O  would  also  mean 


Zi^r^.ycriZ"  r.-z  t-'e  OA'^:es  ar.a  coverage  ot'  tne  on  ere  anr/Grous  oxioes 
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"e^ClSiH  nave  an  arojnT,  o*  —  S'-r,  aasec  on  ■!nr*»'3red  aoscroT^ion,  tnat  is 
not  aual  itatively  oin'^erent  than  that  'nor  deni  vati  zation  with  Cl-SiH  on 
(EtOy^SiH.  This  likely  -neans  oolymeri zaticn  fror  Cl^SiH  or  (EtO),SiH  is  not 
eyoansive.  .''.t  least,  we  "ind  that  t"e  -esults  are  consistent  with  >'atrer 
uniform,  low  coverage  of  — Si-H  inceoendent  of  the  source  of  — Si-H.  nowever, 
as  indicated  above,  the  Me^Si — H  is  electronically  different  from  the— Si-H 
wnere  the  three  groups  bonaed  to  tne  S’  are  oxygen. 

Another  complication  in  one  attachment  of  — Co(CO)^  to  the  oxide  supports  is 
that  Co2(C0)g  reacts  rapidly  with  Lewis  bases  to  give  redox  products. Tor 
example,  we  find  that  Al^O-,  reacts  with  Co-,(CO)o  to  give  a  bluish  oewder.  "his 

U  Z  C  V 

bluish  color  also  appears  wnen  the  AUG-,  has  been  first  treated  with 
;EtO).,SiH  to  introduce  — SiH  surface  groups  prior  to  reaction  with.  Co,vC0)c,. 

J  '•J 

w'e  attribute  the  bluish  color  to  Co"  on  the  surface;  this  was  confirmed  by 
reacting  the  C02(CC)g  treated  Al^Cg  with  aqueous  1  ^  HCl .  "he  resulting  pink 

solution  showed  optical  absorption  spectral  features  identical  to  those  for  an 

7+  1 R 

autneitic  Co  sample  in  aqueous  1  M  HCl  iv  ,  :  1250,  510,  463  sh  nm.  The 

Co2(C0)g"treated  Al20g  shows  no  C— 0  infrared  stretches  attributable  to  surface 

confined  metal  carbonyls.  We  thus  conclude  that  Co2(C0)g  reacts  with  Al20g  to 

yield  a  Co-oxide/hydroxide.  Thus,  Co-oxide  formation  appears  as  a  side-reaction 

accompanying  the  attachment  of  — Co(CO)^  by  reaction  of  Co2(C0)g  with  the 

(T^SiH  groups. 

Elemental  analyses  for  some  of  the  AlgOg  samples  are  included  in  Table  II. 
Non-derivatized  samples  show  little  or  no  detectable  Co  or  Si  and  samples 
derivatized  with  (EtOgSiH  but  not  with  COgCCOlg  show  the  presence  of  Si  but 
not  Co,  as  expected.  The  comparison  of  the  elemental  analyses  with  the  infrared 
analyses  is  revealing.  There  is  apparently  far  more  Si  present  than  can  be  accounted 
forty  the  — SiH  and  — SiCn(C(}^.  Further,  there  is  far  more  Co  present  that  can  be 


accounted  for  by  ^SiCo(CO)^.  The  infrared  determined  coverages  of  ^SiCoiCO';^ 
are  consistent  VMith  the  amounts  of  Et2SiCo(CC)^  that  can  be  detected 

in  solution  wnen  (^:9'5iCo(C0)^  is  irradiated  in  isooctane  as  a  suspension  in 
the  presence  of  Et-,SiH,  vide  infra.  Thus,  the  excess  Co  from  the  analyses 
must  be  due  to  the  Co-oxide/hydroxide  formed  from  the  decomposition  of  Co2(C0)g 
it  the  derivatization  procedure.  Though  we  do  net  have  a  check  of —SiH  as  we  do 

for  ^SiCo( CO)^,  it  would  seem  that  the  error  in  T-  Si  f^'orn  infrared 
detectable'^SiH  cannot  be  as  large  as  would  be  necessary  to  account  for  tlie 
t  Si  from  elemental  analyses.  We  propose  that  decomposition  of^SiH 
occurs,  perhaps  by  acid-base  reactions,  to  give  silicate  on  the  surface. 
Reaction  with  00^(00)2  could  lead  to  decomposition  of^SiH,  but  even  surfaces 
that  have  not  been  treated  with  Co2(C0)q  give  more  Si  than  can  be  detected 
as'^SiH  by  infrared.  A  major  conclusion  from  these  results  is  that  neither 
elemental  analyses  or  infrared  alone  can  provide  quantitative 
information  concerning  the  surface  functionality  present. 


"com  our  studies,  we  conclude  that  the  derivatized  oxide  particles  have  a 

large  number  of  chemical  functionalities  present.  The  representation  of  a 

derivatized  alumina  particle  in  Figure  2  seems  justifiable  in  view  of  the 

available  infrared  data  and  known  reactions.  Despite  the  large  number  of 

\ 

chemical  functionalities,  light-activated  reactions  of  the-SiCo(CO)^ 
can  still  be  studied,  owing  to  the  facto  that  this  group  can  absorb  incident 
light  and  reactions  of  this  metal  carbonyl  fragment  can  be  monitored  in  the 
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amounts,  is  analogous  to  optical  excitation  of  supstances  in  solution  at  lew 
concentration,  exploiting  one  of  tne  key  advantages  in  optical  vs.  thermal 
activation  of  chemical  systems,  'he  absorption  onset  of  SiCo(CC)^  is 
expected  to  occur  in  the  near-uv,  based  on  solution  analogues,  and 
consequently,  photochemical  studies  have  been  carried  out  using  near-uv 
('■  ^  300  nm)  light. 


\ 


b.  rhotocnemi  stry  of  (^J^^SiCo(CO)^  in  the  Presence  of  P(OPh),.  Irraaiati 
of  deoxygenated  3.0  ml  isooctane  suspensions  of  0.045  g  of  ^100(00)^, 
sample  #3  in  Table  II,  in  the  presence  of  0.01  M  PCOPh)^  yields 
reactions  according  to  equation  "31.  Infrared  analysis  of  the  sucernatant 

0-\iCo(CO)4  - -  0-jiCo(COkP(OPhi^  -  CO  (3) 

i  i  c  r,/, /.+ a  ^ 


on 


isooctane 


liquid  shows  no  metal  carbonyl  species.  The  formation  of  Co2(C0)g(?(3Ph)2)2 
would  be  possible  if  Tight-induced  cleavage  oftheSf-Co  bond  resulted  followed 
by  substitution  of  the  released  Co(CO)^^  radical  by  P(0Ph2)  to  yield  Co(C0)2- 

•IQ 

(P(OPh)g)  radicals  that  then  couple  to  form  Co2(C0)g(P(0Ph)2)2.  '  Infrared 

analysis  of  the  powder  after  various  irradiation  times,  Figures,  shows  the 

dimunition  of  absorptions  attributable  to  the  (s)— SiColCO)^  and  the  growth 

\  ^  / 

of  features  that  are  assigned  to  (^S^)-^iCo(C0)2(P(CPhl^  ,Table  I.  Thus,  it 
appears  that  CO  can  be  photochemically  ejected  from  (^0— Si  Co  (CO)  ^  and  Si-Co 
bond  cleavage  is  apparently  unimportant. 

Irradiation  of  ^^-^SiCo(CO)^  in  isooctane  solution  containing  no 
deliberately  added  entering  groups  results  in  the  dimunition  of  metal 
carbonyl  absorptions  in  the  C-O  stretching  region.  An  unidentifiable 
absorption  feature  does  grow  in  at  2073  cm"^  as  a  shoulder  at  intermediate 
stages  of  reaction,  but  the  surface  would  appear  to  be  eventually  denuded  of 
metal  carbonyls  by  the  near-uv  irradiation.  The  isooctane  supernatant 
exhibits  infrared  absorptions  at  positions  characteristic  of  Co^{C0)^2»  Table  I 
The  yield  of  this  species  appears  to  be  -IS^.  Both  these  data  and  data  for 


photochemi stry  in  tPe  presence  of  ?(0Ph)2  parallel  the  photochetri cal  data  fo 

1 2 

R^SiCoiCC)^  in  solution. 

c.  Photochenistry  of'^Ty— SiCo(CC)  ,  in  the  Presence  o’"  Et.,Si:-‘'.  dncer 

- -"W - ^ \  , 

conditions  v/nere  Cj  pnotol aoi  1  zed ,  ’:r>^adiaf:on  o-r  suscencec  S-Cc'  -3, 

in  the  presence  of  Et-,SiH  results  in  the  detachment  of  the  -Co(CO),  from  tne 

0  *+ 

surface.  For  example,  degassed,  3.0  ml  isooctane  solutions  containing 
0.045  g  of  ^T^SiCo(C0)j^,  sample  =3  of  Table  II,  and  0.5  Et-SiH 
under  near-uv  irraciation  at  25’C  yield  EtT3iCc(CC)^  in  the 
supernatant  isooctane  solution.  Figure  4.  Analysis  of  the  irradiated  powder 
reveals  the  dimunition  of  absorptions  due  to  metal  carbonyl  fragments. 

Figure  5.  The  only  feature  that  grows  is  one  at  -2250  cm''  attributable 
to  the  regeneration  of^£^-^SiH.  Infrared  analysis  shows  that 
>80%  of  the  surface-confined  -Co(CO)^  fragments  can  be  detected  as 
Et2SiCo(C0)^  in  solution.  Sxh  data  provide  confirmation  of  the  coverages  of 
surface-confined  00(00)^  groups  given  in  Table  II.  The  photochemistry  again 
can  be  rationalized  as  resulting  from  photoinduced  loss  of  CO  as  the  primary 
photoprocess  according  to  equations  (4)-(7),  paralleling  the  solution  photo- 


SiCo( CO)^  SiCo(C0)2  CO 

/  /  ^  H 

(7) — SiCo(C0)3  +  Et3SiH  (T) — Si— Co(C 


Si— Co(CO), 
/  I  ^ 
SiEt, 


(?)— SiC(3(C0)3  ~  +  Et3SiCo(C0)3 


Et3SiCo(C0)3  +  CO 


Et3SiCo(C0)4 


1 2 

chemical  behavior  of  R3SiCo(C0)^. 

d.  Photochemistry  of  — SiCo(CO)^  Related  to  Alkene  Catalysis.  We  have 
previously  reported  that  R3SiCo(C0)^  is  a  photochemical  precursor  to 


caraiytical'!  /  acti/e  species, cespite  the  fact  that  Si-Co  pond  cleavage 

\ 

is  tct  the  primary  pnotoprccess  .  'lear-uv  irradiaticn  of  ( T^S  i  Co;  CC) ,  in 
iscoctane  solutions  of  1-pentene  leads  to  the  generation  of  Co^iZZ],^  'ir. 
solution.  In*rareG  analysis  of  the  i'^radiateo  pcwcer  snov.'s  loss  of  -Co-,,  IP, 
groups  and  the  growth  of  weak  absorptions  in  the  C-h  strotohing  region  t.nat 
could  be  due  to(^ — -Si  (penteny"®.  Photolysis  of  Et^SiCoiCO)^  in  the 
presence  of  1-pentene  yields  Et^SiCpentenyl)  as  the  only  Si-containing 


1 2  ' 
proGuct.  'I’he  irradiated  powcer  also  snows  consumption  ot  ^ 'H 

functionality.  Apparently,  the  Si-H  groups  not  originally  reacted  with 

COp(C0)o  can  react  with  photoreleased  Co-carbonyl  fragments  and  subsequently 

with  1-pentene  to  yield  (r^-pentyl ) ;  that  is,  the  residual  0-,H 

reacts  with  the  Co-carbonyl/l-pentene  to  hydrosilate  the  1-pentene.  Thus, 

reaction  with  alkene  and  SiCo(C0)^/(T^ - SiH  can  be  induced  pnoto- 

chemically.  However,  there  is  no  accumulation  of  catalysis  products  in 

solution.  Even  alkene  isomerization  activity  (1-pentene  -  tis-  or  trans- 

2-pentene)  is  nil. 

Irradiation  ol' ^ — SiCo(CO)^  in  the  presence  of  1/1  mixtures  of 

1 -pentene/Et^SiH  does  result  in  catalytic  chemistry.  For  example,  near-uv 

irradiation  of  0.045  g  of  — •SiCo(C0)4,  sample  “3  in  Table  II, 

in  the  presence  of  0.39  M  Et2SiH/0.39  M  1-pentene  in  isooctane  rapidly 

yields  infrared  detectable  metal  carbonyls  in  the  supernatant  solution. 

Initially,  Et2SiCo(C0)^  is  formed,  and 

irradiation  also  yields  infrared  absorptions  in  the 

supernatant  at  1960  cm”^  and  1966  cm'^  (sh)  that  have  been  previously 

12  15 

observed,  but  not  unambiguously  assigned,  ’  in  solutions  initially 
containing  Co2(C0)g/l-pentene/Et2SiH.  Gas  chromatographic  analysis  of  the 
solution  after  48  min  of  irradiation  shows  the  following  composition  (%  based 
on  initial  1-pentene  concentration):  ^-pentane  (4.2);  1-pentene  (1.3); 
trans-2-pentene  (46.3);  cis-2-pentene  (15.5);  (^-pentyl )SiEt2  (32.7).  Thus, 
photocatalysis  is  effected,  equation  (8).  On  the  timescale  of  this  experiment 
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I-pentene  +  Et^SiH 


(?)— 5iCo(C0)^ 


near-av 


n_-pentane,  ci_s-2-oen^ene , 
trans-Z-pertene , 

( n_-pentyl  ;Si Et^ 


there  is  no  therrral  catalysis.  Further,  A1202.  treated  only  with 

Co2(C0)g,  or  A12O3  treated  only  with  (EtO)3SiH  gives  neither  thermal  or 
photoinduced  catalysis  under  the  same  conditions,  "^hus,  the  ©-jiCCC, 

would  appear  to  be  a  photochemical  precursor  to  catalysis.  In  view  of  the 

photogeneration  of  Et3SiCo(C0)^  from  — •SiCo(CO)^,  equations  (4)-(7), 

in  the  presence  of  Et.,SiH  or  in  the  presence  of  EtgSiH/l-pentene,  catalysis 

should  result  if  for  no  other  reason  than  EtgSiCoCCO)^  yields  catalysis 

1 2 

when  irradiated  in  the  Et,SiH/l -pentene  mixture. 

Irradiation  O'f  — SiCo(CO)^  in  the  presence  of  neat  1/1 
EtgSiH/l -pentene  results  in  catalytic  chemistry.  Data  for  a  typical 
photocatalysis  run  are  included  in  Table  III.  No  dark  reaction  occurs  on  the 
timescale  of  this  experiment.  Infrared  analysis  of  the  (T^ — SiCo(CO)^ 
shows  >95"  loss  of  -Co(CO)^  from  the  AI2C3  surface  at  ~30  min  irradiation 

time.  Analysis  of  the  solution  shows  the  growth  of  the  absorptions  at 

-1  15 

-1960  cm”  found  in  thermal  reactions  of  Co2(C0)g  with  EtgSiH/l-pentene 

1 2 

and  pho coreactions  of  Et2SiCo(C0)^  with  EtgSiH/l-pentene.  At  longer 
irradiation  times  infrared  bands  for  Et3SiCo(C0)^  become  apparent  and  the 
1960  cm”^  feature  intensifies  somewhat.  After  375  min,  there  are  no  detectable 
Co-carbonyl  fragments  on  the  surface  of  the  AlgOg.  The  mol  "  of  Si-H  in  the 
A1203  decreases  during  the  irradiation,  likely  reflecting  the 
generation  of  ^^~Si  (ji-pentyl ) . 

The  main  conclusion  regarding  catalysis  from  the  irradiations  of 
^^-6iCo(C0)^  in  the  presence  of  EtgSiH/l-pentene  is  that  the  bulk  of  the 
catalysis  occurs  from  the  photorel eased  Co-carbonyl  fragments.  For  example. 


in  the  particular  run  detailed  in  Table  III,  most  (>95*)  of  the  Co-carbonyl  is 
in  homogeneous  solution  after  the  ''SO  min  irradiation  tine.  To  provide 
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:onal 

conf rr-^at’ or  c*  C”-5  ccrclusicn. 

j . 0755  g  cf 

\ 

/  - 

e  =3 

in  'able  II,  was  in^aciated  in  1  ■ 

"1  of  neat  EUSiH 

3C^ 

( -  SC  "tin  i  rradt'aticn'  tre  -Col 

CO'  -  ./as  orasent 

in  sclu'ion 

w  c .  .3 

ij.  '■”3  s;..:2''r acant  .v?.:  a:  lured  .■ 

/it."''  l-centene  ro 

cring  tre 

Et,SiH/l -oentene  :o  3  1/''.  "lole  '■at'io.  Irradiation  of  the  Et2SiCo{C0)^/Et,3if/ 
1-pentene  gave  photocatalytic  action  with  a  rate  and  product  distribution 
very  s'nilar  to  that  when  tne  — Si — — Si'— Co(CG'j.  onase  was  not 
retroved.  The  catalytic  prcaucts  and  their  initial  ratios  accord  well  with 
previous  findings  in  this  laboratory  from  thermal  catalysis  using  Co2(C0)g 
or  photocatalysis  using  Et2SiCo(C0)^.  Thus,  we  firmly  conclude  that 
photocatalytic  action  from  — SiCo{C0)^  results  from  reactive  Co-carbonyl 
fragments  released  into  homogeneous  solution.  The  active  species  appears 
to  be  the  same  as  that  involved  in  Co2(C0)g  or  Et,SiCo(C0)^  catalysis. 

e.  ^hotocatal vsis  Results  Under  Variable  Conditions.  Photocatalysis  of 
Et.,SiH/l-pentene  mi.xtures  has  been  carried  out  using  various  preparations 
of  — SiCo(CO)^  and  under  variable  conditions.  Table  IV  details  results 

for  various  oreparations  of  (T) — SiCo(C0)4  where  the  major  variable  would 
appear  to  be  the  amount  of  -Zo(ZO)^  actually  added  when  0.045  g/ml  of 

SiCo(CO)^  is  added  to  the  mixture.  Note  that  the  irradiation  source 
(355  +  20  nm,  2  X  10  ein/min)  for  the  experiments  summarized  in  Table  IV 
has  lower  intensity  than  for  the  Pyrex  filtered  450  W  Hg-arc  used  for  the 
experimerts  summarized  in  Table  III.  Accordingly,  the  reaction  times  are 
longer.  Variations  in  the  activity  of  the  — ^SiCo(CO)^  system  crudely 

parallel  the  expectations  for  rate  of  release  of  -Co(CO)^.  Higher  coverages 
and  large  surface  areas  provide  for  a  higher  rate  of  appearance  of  active 
material  in  solution.  All  of  the  catalyst  precursors  yield  the  same 
Si-containing* product,  namely  Et^SiCn-pentyl )  and  rather  small  amounts  of 
£-pentane.  In  cases  where  there  is  significant  dark  reaction  at  25’C  on 
the  69  h  timescale  we  also  find  very  rapid  photocatalytic  action.  The  thermal 
activity  in  the  dark  is  attributable  to  a  slow  thermal  process  again  involving 


V 


'oss  of  '.2  ii  I’^e  ’'ize  step.  However,  .jnaer  aii  card  tiers  tne 

' '  '.''z-iczv.'izec  :atai,.3's  aroceeas  rore  raoioiy  even  at  tne  icw  light 

*^0  Z''v$rt  III.  -./r a  ••SC  '!  ^T-3rc  5  0urc6 


-as  ^sec,  the  tars  tnei'-'al  centre’s  show  'li or  no  reaction  on  the 
timescale  of  the  experiments  summarized. 

Taole  III  includes  data  for  reactions  carried  out  in  neat  1/1 
Et^SiH/l-pentene  mixtures  exposed  to  H.,  or  H^/CO  mixtures.  "T^  data  show  diat 
the  product  distribution  under  4  psig  H2  shifts  markedly  to  higher  yields 
of  gi-pentane.  However,  irradiation  O'f  — ^SiCo(CO)^  in  the  presence  of 

neat  l-pentane  and  4  psig  H2  yields  little  isomerization  or  hydrogenation. 
These  results  are  consistent  with  our  previous  findings  for  photoactivation 
of  alkene  catalysis  using  Co-carbonyl  species;  H2  as  an  oxidative  addition 
substrate  to  create  hydrides  for  isomerization  or  reduction  does  not  seem 

on 

to  be  effect! ve.'"^  The  H^/CO  atmosphere  suppresses  the  rate  of  catalysis 

even  at  the  4  psig  CO  pressure  used.  The  resulting  product  mixture  contains 

no  detectable  hydroformyl ation  products.  The  suppression  of  catalysis  is 

associated  with  the  capture  of  coordinatively  unsaturated  sites  by  the  CO. 

The  effects  of  H2  and  H2/CO  parallel  those  found  earlier  for 

photocatalysis  of  alkene  reactions  using  Co-carbonyl  species 

The  ability  to  functional ize  — SiCo(CO)^  by  photosubstitution  affords 

an  opportunity  to  examine  the  photocatalytic  activity  of 

— •SiCo(C0)2(P(0Ph)2) .  Irradiation  of  — •SiCoiCO)^  in  the  presence  of 

P(0Ph)2  followed  by  decanting  and  washing  yields  a  mixture  of 

— SiCo(CO)2(P(OPh)2)  and  — SiCo(CO)^.  Use  of  this  mixture  as  a 

catalyst  precursor  compared  to  pure  — ^SiCo(CO)^  under  the  same 

conditions  yields  an  important  difference  in  the  catalytic  products,  Table  V. 

The  formation  of  at  least  two  isomers  of  Et^SiCpentenyl)  accompanies  the 

usual  distribution  of  products.  Such  products  have  previously  been  found 

from  the  thermal  and  photocatalyzed  reaction 

21,22 


of  Et^SiH/l -pentene  mixtures  using  Fe{C0)5 
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Another  ai^^^ererce  '  *:' 


c  crcc^ce 


- ■  s tri but :on  is  tne  loiver  'nitial  trans/ci s  ratic  c’’’  tre  --^ertere 
•scfters  conoared  to  the  catalyst  having  no  crese-'t.  tnaiysis 

of  the — SiCo(CC)^/(T^)— SiCo(C0)2(?(GPh)T;  cowoer  snc.vs  loss  of 
2o-carbony1  soeciest  again  indicating  that  the  cataiys’s  occurs  via  onoto- 
•'e'eased  2o-carOony'i  fragments.  The  very  cif'erent  p'^ooLiCt  ratio  .•/ith  the 
'  '.^h,  ,  complex  indicates  that  the  actual  catalyst  is  di'^ferent  than  that  ^or 

/■~v  \ 

SiCo(CO)^.  It  is  attractive  to  conclude  that  CO  loss  is  again  the 
or’nary  ohotoreaction  leaving  P(0Ph)2  in  the  coordination  sphere  to  influence 
product  rati  os  by  steric  and  electronic  effects.  The  catalytic  activity 
aooears  to  be  somewhat  lower  than  for  the  unsubstituted  (T^SiCo( CO) 

"his  is  very  likely  due  to  lower  quantum  yields  for  the  primary  process 
c*  CO  loss  from  the  P(GPh)2  cc.mclex. 

\ 

Comoarison  of  Catalytic  Activity  of  S  — SiCoiCC).  -lith  Co^lCC),. 


Photoexcitation  of ■;^T)-^SiCo(C0)^  in  the  presence  of  l-oentene/HSiEt, 
mixtures  apparently  yields  the  same  catalyst  species  that  results  from  the 
irradiation  of  Et2SiCo(C0)^.  Further,  we  have  previously  concluded  that 
the  irradiation  of  Et2SiCo(C0)^  leads  to  the  active  species  formed 
thermally  from  Co2(CO)0.  ’  Thus,  comparison  of  the  catalytic  activity 

of  Co2(C0)g  and  Et2SiCo(C0)^  is  appropriate.  We  have  examined  the  initial 
thermal  activity  of  Co2(C0)g  at  20°C  for  isomerization  and  hydrosi 1 ation 
of  l-pentene  under  the  same  conditions  where  we  can  photoacti vate  the 


(_^^£^^SiCo( CO)^  system.  Data  in  Table  VI  are  representative  of  the  activity 
of  the  two  different  precursor  systems.  In  both  systems  the  isomerization 
products  are  formed  at  a  faster  rate  than  the  hydrosil ati on  products  and  it 
would  appear  that  the  rate  of  formation  of  hydrosilation  products  declines 
as  the  l-pentene  is  converted  to  the  2-pentenes.  This  is  reasonable,  since 
it  is  likely  that  the  hydrosilation  of  l-pentene  is  more  rapid  than  the  same 


\ 
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’'eaczTon  of  z'r'.e  irte’^nal  isop"ers.  "^he  interesting  *'ncing  is  that  the 
shctoacti vateg  system  is  in  fact  quite  similar  in  turnover  rate  to  the 
COoJCO;^  thermal  system.  Further,  since  the  ODserved  rate  of  procuct  format 
depends  on  excitation  rate  (light  intensity)  the  turnover  rate  for  the  photo 
activated  system  could  be  even  higher  at  higher  light  intensity.  In  both 
systems  it  would  aopear  that  the  isomerization  turnover  number  is  similar; 

.‘le  -  ra  -rat  the  num.oer  of  product  molecules  formed  is  generally 

limited  by  substrate  concentration  not  catalyst  lifetime.  For  hydrosi lation 
we  have  already  demonstrated  that  illumination  of  Et,SiCo(C0)i  allows  more 
turnovers  for  (^-pentyl )Si£t3  formation,  since  the  Co2(C0)g  thermal  system 
ultimately  ceases  activity  due  to  formation  of  Et3SiCo(C0)^  that  is  not 
thermally  active. 

Irradiation  of  scecies  such  as  R,SiCo(C0),  does  result  in  oersistent 
thermal  activity  in  the  dark  at  20'C.  However,  tne  activity  is  relatively 
low  and  short-lived.  For  example,  a  flash  excitation  of  ?h.SiCo(C0)^  leads 
to  -50%  dark  isomerization  of  1  M  1-pentene  in  the  presence  of  1  M  HSiEtg 
during  a  4  h  period.  Continuous  irradiation  leads  to  nearly  complete 
equilibration  of  the  linear  pentenes  under  the  same  conditions  in  <4  h. 

Thus,  considerable  activity  can  persist  in  the  dark,  but  irradiation 
accelerates  the  catalytic  rate  even  further. 
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iLi^mary 

cata  aceauatai/  ■aer’orstrate  tvat  -Co' 10- ,  anc^orec  'o  a'<’ae  sar'^'aces 

/?N  ^  . 

via  reaction  or  •■•■'tn  — iiH  exmo’ts  onotccnea". strv  tnat 

parallels  that  for  solution  R^SiCoiCO)^  analogues.  "I'he  phctoinouced  loss 

of  CO  is  the  principal  result  of  photoexcitation  of  eitner  R.,SiCo;CCy,  'n 
I'’  ^  \  , 

solution  or  f  Sj — SiCo(CO)^  s^spenced  in  solutions.  In  neither  case  Co 
.ve  find  evidence  for  prompt  scission  of  the  Co-Si  bond,  but  in  each  case 
reaction  with  R^SiH  or  alkenes  leads  to  chemically  efficient  loss  of  the 
original  Co-Si  bond.  For  — ^SiCo(CO)^  this  means  that  the  Co-caroonyl 

soecies  does  not  remain  anchored  to  the  surface.  Thus,  with  this  system  we 
have  not  achieved  the  capability  of  "matrix  isolating"  photogenerated, 
coordi natively  unsaturated  intermediates.  However,  the 

system,  as  a  catalyst  precursor  is  easily  handled  and  ’S  less  sens'lcive  to  I- 
than  is  the  solution  species Et^SiCci CO) The  concent  of  releasing  a  cataly 
Photochemical ly  at  a  rate  controlled  by  light  intensity  is  one  that  cculc 
be  exoloited.  ■^n  principle,  in  catalytic  reactions. 
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"able  I.  Inff'arec  Scecira  c:  3^rface-Confinea  Species  arc  -e'e.ani 
Species  for  Comparison. 

-  ^  r* 

Species _ Medium _ Key  IR  Sancf  s)  ,  cm  '  '  or  i^el .  abs .  ] " 


(EtOj^SiColCO)^^  heptane 

Et2SiCo(C0)^  cyclohexane 


?h3SiCo(C0)4 

cyclohexane 

KBr*^ 

Ph3SiCo(C0)3(P(0Ph)3)^ 

cyclohexane 

Et3SiCo(C0)3(P(0Ph),)‘^ 

hexane 

(EtO)3SiCo(CO)3(P(OPh)3)‘^ 

isooctane 

Co^( uO) 1 2 

cyclohexane 

3h3Si— H 

cyclohexane 

fsooctane 

KBr*^ 

(Et0)3Si— H 

isooctane 

neat 

Et3Si-H 

isooctane 

Cl3Si-H 

heptane 

Me2ClSi— H 

isooctane 

[03Si-H]„ 

neat 

(from  (Et0),SiH»H,0) 

Nujol  mull 

KBr 

[OjSI-HJn 

(from  Cl3SiH  +  H2O) 

Si— H  (from  (EtO)3SiH) 

Nujol  mull 

KBr 

(D  *  A1203 

<S)  =  $102'' 

(T)-SiCo(CO)^(from  (Et03SiH) 

KBr 

(D  =  A1 2031  dry) 

®  «  AUO,(H-0  added) 

(D  =  SiO, 

2105(0.29),  2040(0.31),  2025(0.36),  2010(1.00 

2089(2740),  2026(4390),  1995(3530), 

1992sh  (3000) 

2093(3250),  2032(3720),  2003(7000) 

2092(i^)^,  EOSOI^)*^,  1990(7.4.7.7)^ 

2049(0.11),  1980(0.32),  1973(1.00) 

2035(0.35),  1963(0.98),  1963(1.00) 

1987(1.00),  1974(0.78) 

2062(12550),  2053(14,000),  2037(930), 
2025(1590;,  2020sh(930),  1864(4890) 

2129(204) 

2126(214) 

21181  l.of 

2196(135) 

2195(  — ) 

2100(149) 

2250  (") 

2165(223) 

2246 

2253 

2256 

2252 

2257  (HjO  added);  2239 (dry) 

2248  ( dry) 


2109(0.27),  2051(0.53),  2023(1.00) 
2111(0.40),  2054(0.66),  2024(1.00) 
2108(0.29),  2048(0.51),  2020(1.00) 


(T)-siCo(co),;?(c?h;,) 

KBr 

(S)=  A  1.0, 

2060(0.21),  1595;  i.OC).  1935.'0.S1) 

^  -  1  Op 

2059  ^0.10) ,  ig;’  1 

C  ^Si-n  vfrcm  HSiCl,) 

.«,3r 

.y.  AI2O3 

2263(H20  added/;  22571dry) 

C_^^SiCo(C0)^  (from  HSiCl.) 

K3r 

■i)-Al203 

2114(0.30),  2054(0.^9),  2025(1.00) 

i  Me 2  (  from  f-'e2  0 1 S  i  H } 

X3r 

^  =  AI2O3 

2134 

(,t)=  SiO^ 

2148 

{^SiMe2Co(C0)4 

(from  iMe2ClSiH) 

K3r 

^  =  Si02 

2100(0.25),  2C39(Q.i3),  2009(1. CC' 

^Generated  in  si tu  oy  reaction  of  Co,( C0)o  with  (EtO)-Sin  in  heotane. 

b  C  6 

Underlined  values  in  oarentheses  are  for  "model"  comolexes  in  <Br 

relative  to  the  2118  cm"'  Si-H  stretch  in  Ph^SiH.  O.D.  was  determined  to  de 

proportional  to  concentration  in  K3r;  cf.  Experimental.  These 

absorptivities  are  absolute  and  allow  the  coverage  calculations  for 

-^SiCo(CO)^  and  ^SiH  assuming  similar  absorptivities  for  the  various 

bands ,  Table  II . 

^Generated  in  situ  by  355  nm  irradiation  of  appropriate  R2SiCo(C0)^  in  the 
presence  of  0.01  M  P{0Ph),;  cf.  ref.  12. 

^Values  in  parentheses  are  relative  absorbance  (relative  to  most  intense 
band  for  the  substance  =  1.00),  extinction  coefficient  in  solutions,  or 
quantitative  absorbance  relative  to  Ph^SiH,  cf.  Experimental  and  note  b 
above. 
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Table  IV.  (continued) 


This  concentration  is  the  total  effective  -Co(CO)^  concentration  assuiiiing  the  -Co(CO)^  to  be  completely 
efficiently  released.  The  sample  used  Is  #3  of  Table  11  and  data  are  from  lable  111. 


Figure  1 .  infrared  spectral  changes  accor.panyi nc  tne  snoaness-ve  ceri vat ■ cat’on 
of  a  naked  alunina  surface.  Curve  A  re'*^ers  to  tne  react'' on; 

curve  3  after  reaction  with  HSi(nEt)2;  curve  C  after  reaction  with 
HSi(0Et)2  and  subsequently  Co2(C0)g.  Note  that  left  scale  is  -^cr  A  and  3 
and  right  scale  is  for  C. 

Figure  2.  Representation  of  AlgOg-xHgO  at  various  stages  in  the  aeri- 
vatization  to  confine  Co(CO)^  to  the  surface. 

Figure  3.  Infrared  spectral  changes  during  the  irradiation  of  a  derivatized 
alumina  surface  in  the  presence  of  P(0Ph)2.  The  only  CO-contai ning  oroduct 
is  ^SiCo(C0)3(P(0Ph)3,  1995  vs,  1985  vs. 

Figure  4.  Infrared  spectral  changes  in  solution  during  the  irradiation  of 
^iCo(CO)^,  presence  of  HSiEt3.  The  only  detectable 

photoproduct  in  solution  is  Et3SiCo(C0)^,  2027.  1996,  1991  sh  cm'^. 

Figure  5.  Infrared  spectral  changes  of  a  derivatized  AUO,  surface 

-  \  c  j 

accompanying  irradiation  in  the  presence  of  HSiEt,.  — SiCo(CO).  (2110,  2050, 

- 1  j\  /  ^ 

2020  cm  )  is  removed  from  the  surface  while  the  — SiH  concentration 
(2250  cm‘^)  increases.  ^ 

Figure  6.  Infrared  spectral  changes  in  solution  during  the  irradiation  of 
a  derivatized  alumina  surface  in  the  presence  of  l-pentene/HSiEt3.  The 
solution  products  are  the  same  as  those  observed  when  homogeneous  Et3SiCo(C0)^ 
(photochemical)  or  CO2(C0)g  (thermal)  is  used  as  the  cobalt  source.  The  bands 
at  2025,  1995,  1991  sh  are  due  to  Et3SiCo(C0)^. 
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